Abstract. An 
Introduction
Decrease of the higher harmonics (HH) level in electrical networks is a part of the general problem of reduction of nonlinear load influence on the supply network and improvement of the quality of electrical energy in electricity consumption systems [1] . Nowadays the solution to this problem is based on the use of passive filter-compensating devices (FCD). Unlike power active filters [2] [3] , FCDs are the simplest and most economical filters, which caused their widespread use. FCDs are designed individually for every particular case of their application [4] [5] [6] [7] . It guarantees the possibility for attaining the highest parameters of HH filtration.
The data necessary for FCD design: 1) rated voltage; 2) the required compensation for the reactive power at the reference frequency; 3) the values of the currents of nonlinear load harmonic components; 4) the network short circuit power; 5) the required parameters of the electrical energy quality at the nonlinear load power lines (or at another point of contiguity) [4] [5] [6] [7] .
It should be noted that the correct calculation of the passive filter parameters is impossible without a qualitative analysis of the currents harmonic composition which is generated by the nonlinear load [8] [9] . Also, it should be mentioned that most methods for calculation of the passive filter parameters are numerical. An essential disadvantage of such calculation of the filter optimal parameters consists in the fact that it is not always possible to unambiguously determine the degree of reduction of voltage supply total harmonic distortion (THD U ).
Problem statement
Development of the method for calculation and choice of passive filtration devices that will enable determination of the passive filter parameters depending on the required factor of distortion of the THD U .
Material and results of the research
As the problem of the analysis of electricity supply systems can be reduced to the calculation of electric circuits with lumped parameters, it is necessary to work out or develop the methods for the analysis and parameters of nonlinear electric circuits (NEC).
Paper [7] contains examples of obtaining the analytical expressions for the load currents harmonic components in the function of nonlinear load parameters and the parameters of the circuit linear elements with the use of the small parameter method (SPM). It allows creating the background for the calculation and choice of the devices for passive filtration of the supply network voltage and current higher harmonic components in such a way that the required value of THD U be provided.
By way of demonstration of the proposed method for determination of the passive filter parameters let us consider the operation of a nonlinear electric circuit with an active-inductive load in fig. 1 . In reality this type of nonlinearity may be caused by welding outfit or induction furnaces.
A Load currents calculation in analytical form
To make it possible to calculate the filter parameters in such a way that the required value of THD U is provided, at first it is necessary to determine the currents flowing in the analyzed system using SPM in the frequency domain and representing the nonlinear dependence in the form of instantaneous conductivity. the mathematical expressions and to reduce the awkwardness of the calculation dependences we will take into consideration for the analysis only ponderable first and third harmonic components of the current. It should be mentioned that analytical generation of the electric values, required for the calculation, in the frequency domain was realized with the use of the automated method based on the discrete convolution algorithm [9] . The differential equation describing the operation of the analyzed circuit is of the form:
Nonlinear resistance is described by dependence:
The expression for the nonlinear conductivity of the analyzed circuit is written down:
According to the above mentioned method, nonlinear conductivity can be presented in the form of Tailor series:
or with the use of numerical approximation:
The voltage at the nonlinear element of the analyzed electric circuit is equal to the difference of the supply voltage and the voltage at the inductive element:
Let us represent the analytical expressions of the arrays of the cosine Y ak , U an and sine Y bk , U bn components of instantaneous conductivity and voltage in the frequency domain, respectively: 2  2  2  2  0  2  3  1  1  3   2  2  2  1  1  1 3  1 3   2  1 3  1 3   2  2  2  3  3   2  2  2  2  0  2  2  0  2 2 0 
where k, n -number of the harmonic of conductivity and voltage, respectively. As a result of the operation of discrete convolution in the frequency domain [9] , which is equivalent to the operation of multiplication of trigonometric series in the time domain of the above stated arrays, analytical expressions of the electric circuit current are obtained. According to SPM, current is represented in the form of a power series of the first power as to conductivity 2 Y : 
As the current is represented in the form of a power series of the first power (4), only coefficients at 2 Y zero and first powers are taken into account. The obtained system of algebraic equations is used to determine coefficients depending on the circuit parameters, 0
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A , 13 B and analytical expressions for the orthogonal components of the current of the researched nonlinear circuit are generated: 2  3  3  1  0  1  0  2  3  2 2 2  2 2 2  0  0   2 2 2  3 3  0  1 0  2  4  2 2 2  0   0   6  1  1  0  1 
B Calculation and choice of the linear reactor parameters
Using the obtained analytical expressions of the load current components (9) of the researched circuit ( fig. 1) , let us analyze the realization of the algorithm of the calculation of the passive filter parameters by the example of an electricity supply network section with a nonlinear load and a linear reactor. The analyzed system is represented as a single-phase electric circuit with lumped parameters, undistorted voltage supply   e t and a reactor connected in series ( fig. 2) . fig. 3 . In accordance with the algorithm and using SPM, the analytical expressions for the weighty cosine and sine components of the first and third current harmonics of the analyzed circuit in the frequency domain in the function of reactor inductance L r were determined (10). 
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According to expression (2) in fig.3 and (11) (12) fig. 3 . Using the obtained analytical expression (3) a plot of voltage total harmonic distortion value curve against the reactor inductance was built ( fig. 4 a) . 
Conclusions
A method for the calculation and choice of the passive filter parameters by the analytical expressions of the nonlinear load current harmonic components with the possibility for the assuring of the required level of the supply load distortion has been proposed. The mentioned components of current are obtained with the use of the proposed small parameter method realized in the frequency domain. As a result of the research, it has been demonstrated that due to the creation of the voltage supply harmonic distortion factor plot against the reactor inductance it is possible to choose the required value of the filter parameter to provide the necessary level of the supply voltage distortion. The proposed method can be applied to more complicated filter structures.
